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SEMUNNliAL ?ROGRESS REPORT NO. 2 

ON 

FREQUENCY MULTIPLICATION I N  HIGH-ENERGY ELECTRON BEAMS 

- 1. General In t roduc t ion  (R. J. Lomax) 

The b a s i c  ob jec t ives  of t h i s  r e sea rch  program a r e  t o  i n v e s t i g a t e  

t h e  fol lowing : 

a. I n t e r a c t i o n  of  high-energy e l e c t r o n  beams wi th  q u a s i - o p t i c a l  

c i r c u i t s  and plasmas (Cerenkov r a d i a t i o n ) .  

b. 

c. Nonlinear e l e c t r o n  beam-plasma theory.  

d .  I n s t z b l l i t l e s  in nun-iviaxweiiian plasmas. 

E lec t ron  beam-plasma i n t e r a c t i o n s  us ing  cold-cathode discharges.  

This r e p o r t  covers t h e  second six months of e f f o r t  on t h e  program which 

w a s  i n i t i a t e d  on October 1, 1966. The fol lowing s e c t i o n s  of t h e  r e p o r t  

summarize t h e  s t a t u s  of t h e  various p r o j e c t s  and include d i scuss ions  of 

resul ts  and p l ans  f o r  f u t u r e  inves t iga t ions .  

2. R e l a t i v i s t i c  Electron-Beam Device - - 
Supervisor :  J. E. Rowe 

S t a f f :  G. T. Konrad 

The o b j e c t  of t h i s  phase of t h e  program i s  t h e  generat ion of 

mi l l ime te r  wavelength r a d i a t i o n  by use of a t i g h t l y  bunched r e l a t i v ' i s t i c  

e l e c t r o n  beam. The experimental s e tup  was descr ibed b r i e f l y  i n  t h e  f i r s t  

progress  r e p o r t .  

During t h e  las t  pe r iod  the 400 l /sec ion pump was rece ived  and 

a t t a c h e d  t o  t h e  vacuum chamber. A vacuum i n  t h e  low Torr r eg ion  

could be maintained during operation of t h e  device.  The PIG discharge 

t h a t  had e x i s t e d  i n  t h e  p a s t  when a n  a x i a l  magnetic focusing f i e l d  w a s  

a p p l i e d  t o  the  device was no longer observed. A breakdown along t h e  
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high-vol tage  bushing occurred i n  t h e  v i c i n i t y  of 80 kv, however. 

t h re sho ld  rose  wi th  time, so t h a t  it i s  be l i eved  t h a t  s u b s t a n t i a l l y  

This 

higher  vol tages  can be app l i ed  a f t e r  an appropr i a t e  ag ing- in  per iod.  

The main d i f f i c u l t y  was encountered wi th  beam t ransmiss ion  through 

the  high-vol tage anode. It i s  be l ieved  t h a t  t h e  hole  i n  the  quar tz  

Cerenkov coupler  i s  t o o  small f o r  t he  beam t o  pass  through without  some 

e l e c t r o n s  s t r i k i n g  t h e  qua r t z  and charging it t o  a negat ive  p o t e n t i a l .  

This mani fes t s  i t s e l f  during o p e r a t i m  i n  a very e r r a t i c  beam t ransmiss ion .  

It was t h e r e f o r e  decided t o  increase t h e  tunne l  diameter i n  t h e  quar tz  

cone by 50 percent  and t o  deposi t  a m e t a l l i c  l a y e r  a few Angstroms t h i c k  
0 

along t h e  length  of t he  t u n n e l  so t h a t  t he  e l e c t r o n s  s t r i k i n g  the  cone 

may be  dra ined  off. 

A t  t he  p re sen t  t i m e  these  modi f ica t ions  a r e  i n  progress  and 

experimental  work w i l l  be resumed as soon as they  a r e  completed. 

3 .  Beam-Plasma I n t e r a c t i o n s  

Supervisor :  R .  J. Lomax 

- 

S t a f f :  J. D. Gi l landers  

Our new beam-plasma tube has r e c e n t l y  been completed. I n  the  

i n i t i a l  t e s t s  a tenuous beam was generated by t h e  plasma e l e c t r o n  gun. 

The gun seems t o  work b e s t  i n  the p re s su re  range around 100 microns with 

t h e  5000-volt power supply p re sen t ly  a v a i l a b l e .  The t e s t s  i n d i c a t e  t h a t  

a h igher  vol tage  might improve the opera t ion  a t  lower pressures .  A 

10,000-volt  supply is now being r epa i r ed  f o r  use i n  f u r t h e r  t e s t s .  

An absolu te  i n s t a b i l i t y  has been i n v e s t i g a t e d  us ing  t h e  computer 

program. The i n s t a b i l i t y  OCCUTS i n  t he  backward-wave region a t  about 

1.045 t imes t h e  plasma frequency (m ) f o r  t h e  fol lowing condi t ions :  

cyc lo t ron  frequency 0.707 a , beam-to-plasma d e n s i t y  r a t i o  0.001, and 
P 

P 



beam microperveance 1. This i n s t a b i l i t y  was found and i d e n t i f i e d  by 

us ing  Briggs‘s cr i ter ion’ .  

r o o t s  of t he  d i spe r s ion  equation as t h e  imaginary p a r t  of t h e  frequency 

approached negat ive  i n f i n i t y  f o r  f i x e d  r e a l  p a r t .  

l oca t ed  i n  t h e  neighborhood of Re(B) = 1.135 and I m ( p )  = 0.187. 

from one s i d e  of t h e  saddle  point  accumulate a t  a p o i n t  on t h e  p o s i t i v e  

imaginary axis, while those f r o m  t h e  o the r  s i d e  approach negat ive  

imaginary i n f i n i t y  as Im(cu) approaches nega t ive  i n f i n i t y ,  thus  i d e n t i f y i n g  

t h i s  as an absolu te  i n s t a b i l i t y .  

The computer program was used t o  t r a c e  t h e  

A saddle  p o i n t  w a s  

The r o o t s  

The e f f e c t  of c o l l i s i o n s  on both t h i s  i n s t a b i l i t y  and the  

convect ive i n s t a b i l i t i e s  i s  being inves t iga t ed .  If t h e  absolu te  

i n s t a b i l i t y  i s  damped out  by the c o l l i s i o n s  before  the  convective 

i n s t a b i l i t y  i s  completely damped out,  t h e r e  i s  a p o s s i b i l i t y  of s t a b l e  

backward-wave ga in ;  i f  not ,  then only o s c i l l a t i o n s  can be  obtained i n  

t h i s  region.  The r e s u l t s  have been delayed due t o  d i f f i c u l t i e s  i n  t h e  

computer program. 

k. - Time-Dependent Nonlinear Analysis - of Electron-Beam Plasma I n t e r a c t i o n  

Supervisor :  J. E. Rowe 

S t a f f :  A.  Lin 

The beam-plasma system w i l l  be represented  by velocity-modulated 

electron-beam d i s k s  continuously i n j e c t e d  i n t o  w a r m  e l e c t r o n  plasma d i s k s  

wi th  an immobile n e u t r a l i z i n g  ion background. The i n i t i a l  cond i t ions  f o r  

t h e  plasma w i l l  be taken t o  correspond t o  a homogeneous plasma with a 

d r i f t i n g  Maxwellian d i s t r i b u t i o n  of thermal  v e l o c i t i e s .  To maintain 

1. Briggs,  R .  J., Electron-Stream I n t e r a c t i o n  wi th  - Plasmas, The M.I.T. 
Press ,  Cambridge, Mass; 1964. 
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t h e  n e u t r a l i t y  of t he  plasma, the beam d e n s i t y  w i l l  be  taken t o  be small 

compared t o  t h e  plasma dens i ty .  

l a r g e  memory computers, it has become poss ib l e  t o  fo l low t h e  behavior  

of thousands of d i sks  i n  a s e l f - c o n s i s t e n t  f i e l d .  The p o s i t i o n s  and 

v e l o c i t i e s  of t he  d i s k s  i n  t h e  i n t e r a c t i o n  reg ion  w i l l  be s t o r e d  and 

advanced s tepwise i n  time as follows: 

With t h e  development of t h e  high-speed 

1. From t h e  p o s i t i o n  of each d i sk ,  t h e  e l e c t r i c  f i e l d  a c t i n g  on 

each d i s k  is  ca l cu la t ed .  

2. Newton's equat ion  of motion i s  i n t e g r a t e d  f o r  a s h o r t  t ime s t ep ,  

u s ing  the  l o c a l  e l e c t r i c  f i e l d  and assuming i t s  constancy through t h e  

time s t ep .  

This c a l c u l a t i o n  g ives  a new p o s i t i o n  and v e l o c i t y  f o r  each d isk .  

With t h i s  model on hand, many i n t e r e s t i n g  phenomena can be inves t iga t ed ,  

such as plasma e f f e c t s  on the  bunching of t h e  e l e c t r o n  beam i n  t h e  

i n t e r a c t i o n  reg ion  and t h e  ve loc i ty  spread of t he  e l e c t r o n  beam a t  the  

c o l l e c t o r .  

2. - The Study - of Cyclotron Harmonic I n s t a b i l i t i e s  

Supervisor :  W. D. Getty 

S t a f f :  A.  Singh 

5 . 1  Threshold Conditions f o r  I n s t a b i l i t y  i n  t h e  Experiment: The -- - - - 
Approximate Dispersion Equation. The ob jec t ive  of t he  experiment i s  t o  

e x c i t e  t he  e l e c t r o s t a t i c  cyclotron harmonic wave i n  a n e u t r a l i z e d  
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e l e c t r o n  beam. 

uns t ab le  f o r  t h e  case of an i n f i n i t e ,  homogeneous e l e c t r o n  beam. The 

ana lyses  t h a t  p re sen t  t h i s  r e s u l t  u s u a l l y  involve so lv ing  the  Harris 

d i s p e r s i o n  equat ion4 by a d i g i t a l  computer, and so  f a r  r e s u l t s  f o r  only 

a few values  of parameters have been publ ished.  For t h i s  reason  a 

s i m p l i f i e d  expression f o r  t he  i n s t a b i l i t y  th re sho ld  condi t ion  has been 

obta ined  which is  u s e f u l  f o r  p red ic t ing  whether or  not  observable  

i n s t a b i l i t i e s  may be expected f o r  t he  values  of parameters used i n  

the  experiment, and i f  so, what p a r a l l e l  wavelength should be observed. 

A method suggested by Morse' has been followed. 

This wave has  been shown by s e v e r a l  t o  be 

The gene ra l  e l e c t r o s t a t i c  d i spe r s ion  equat ion  i s  given by' 

(5.1) 
where p = klv/uc, k2 = kf + k:, and Jn a r e  t h e  Besse l  func t ions  of t he  

f i r s t  kind of order  n. 

perpendicular ,  r e spec t ive ly ,  t o  t h e  constant  magnetic f i e l d  B ;  v i s  

kll and k a r e  the  wave numbers, p a r a l l e l  and 1 

t h e  magnitude of t he  perpendicular component of t h e  e l e c t r o n ' s  

1. Gruber, S e t  a l . ,  "High-Frequency Veloci ty  Space I n s t a b i l i t i e s " ,  
Phys. Fluids ,  vo l .  8, No. 8, pp. 1.504-1509; August, 1965. 

2. Crawford, F. W. and Tataronis ,  J. A.,  "Absolute I n s t a b i l i t i e s  of 
Perpendicular ly  Propagating Cyclotron Harmonic Plasma Waves I!, Jour - 
Appl. Phys., vo l .  36, No. 9, pp. 2930-2934; September, 1965. 

3. Speck, C. E. and Bers, A , ,  " I n s t a b i l i t i e s  i n  Quas i -S ta t i c  Waves Across 
Bolt, Q u a r t e r l y  Progress Report N o .  79, Research Laboratory of E lec t ron ic s ,  
Massachusetts I n s t i t u t e  of Technology, Cambridge, Mass,, p .  113; 
October 15, 1965. 

4. Harris, E. G., "Plasma I n s t a b i l i t i e s  Associated wi th  AnisotroDic 
Energy' D i s t r ibu t ions" ,  Jour.  Nucl. Energy, P a r t  C, vo l .  2, p . -  138; 
1961. 

5. Morse, D. L., Sperry Rand Research Center, Sudbury, Mass., unpublished 
work. 
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time-averaged ve loc i ty ;  cu i s  the e l e c t r o n  cyclotron frequency; and u) i s  the  

plasma frequency. This d i spers ion  equat ion is  v a l i d  for a v e l o c i t y  

d i s t r i b u t i o n  i n  which a11 e lec t rons  have zero p a r a l l e l  v e l o c i t y  and 

t h e  magnitude of t he  perpendicular v e l o c i t y  i s  v f o r  a l l  e l ec t rons .  Thus 

each e l e c t r o n  executes simple c i r c u l a r  gyra t ions  about some f i x e d  guiding 

cen te r  i n  i t s  unperturbed o rb i t .  

uniformly d i s t r i b u t e d  s p a t i a l l y  . 

P C 

The guiding cen te r s  are assumed t o  be 

I n  t h e  experiment a l l  e lec t rons  have a p a r a l l e l  v e l o c i t y  

component equal  t o  v 

frequency cu by an  amount equal  t o  kllv a 

from t h e  above d ispers ion  equation i s  added t o  kllv 

frequency t h a t  would be observed i n  the labora tory  r e fe rence  frame. 

This i s  accounted f o r  by a Doppler s h i f t  of the 
0' 

Thus any frequency ca l cu la t ed  
0 

t o  f i n d  t h e  
0 

The approximate method cons i s t s  of tak ing  t h e  terms n = 0, 

fl, f2 i n  t h e  i n f i n i t e  sum that appears i n  Eq. 5.1. 

(-1) 

d i spe r s ion  equation 

S ince  J-n(p)  = 

n J (p), terms up t o  In1 = 2 can be combined t o  ob ta in  the approximate n 

where 

and 

y = U/cuC . 
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< 
Equation 5.2 is  a good approximation i n  t h e  range 0 = y < 2. 

considered t o  be f ixed  by t h e  t ransverse  dimensions of t h e  plasma ( i f  

k i s  i 

t h e  plasma i s  a column of radius  a, then  ks Z a - l ) .  

kl l  as a func t ion  of normalized frequency y. 

Equation 5.2 g ives  

There w i l l  be  ranges of y 

where Eq. 5.2 gives  no real  so lu t ions  f o r  kll. 

t h e  wave is  c u t  o f f .  

func t ion  of frequency i n  the  range 0 = y = 2, and t h e  r e s u l t s  obtained 

I n  these  frequency bands 

Equation 5.2 can be used t o  p l o t  kil/ki as a 
< <  

a r e  very similar t o  t h e  p l o t s  of kll/kL vs.  y given by Gruber 

For small values  of w /w 

0 = y = 1. Between these  two poles t h e r e  i s  a cu to f f  region. A s  

e t  a1.l. 

t he re  are two poles  of kll/kl i n  t h e  range 
P C  

< <  

'op/uc increases  these  t w o  poles  move toward each o ther  and f i n a l l y  

coalesce and t h e  cu tof f  frequency band between t h e  poles  disappears .  

This condi t ion  marks t h e  onse t  of a n  absolu te  i n s t a b i l i t y  f o r  which u) 

is  complex f o r  real  values  of kli/kl. 

examining the  behavior of f (y)  a s  a func t ion  of y. 

It may be p red ic t ed  numerically by 

1 

The condi t ion f o r  po les  of kll/kl i s  t h a t  

'02 

'02 

C 
f l ( Y )  = - 

P 

(5.3) 

A p l o t  of f l ( y )  vs. y r evea l s  t ha t  f , (y)  has two minima i n  t h e  range 

< <  0 = y = 2. 

t h e r e f o r e  one f l ( y )  curve c6n be p l o t t e d  f o r  each value of p, and t h e  

th re sho ld  value of w /w 

p l o t t e d  vs. y2 f o r  four  values  of p. The threshold  values f o r  w2/u2 are 

given by the  valueLof the  funct ion a t  i t s  minima. Note t h a t  t he  minimum 

i n  t h e  range 1 < y < 2 corresponds t o  a l a r g e r  value of w2/u2 than t h e  

one i n  t h e  range 0 < y < 1. 

0 < y2 < 1 is  used t o  obta in  the th reshold  value of w2/w2 which marks 

For a given value of p, f ,(y) does not  depend on w2/u2 and 
P C  

can be found. I n  Fig.  5.1 the  func t ion  f l ( y )  i s  
P C  

C P  

P C  
The minimum of fl(y) i n  t h e  frequency range 

P C  
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t h e  onset  of complex cu r o o t s  f o r  r e a l  values  of kll/kLo 

p l o t t e d  i n  Fig.  5.2. The required r a t i o  of w /w 

0.58 over t h e  range of I.A which was inves t iga ted .  

This resu l t  i s  

v a r i e s  from 0.83 t o  
P C  

- 5.2 Electron-Beam - Parameters. I n  t h i s  approach at ta inment  of t h e  

The requi red  r a t i o  of u) /cu has been attempted by syn thes i s  of a plasma. 

e l ec t rons  a r e  i n j e c t e d  i n t o  the p lasma from a t r i o d e  e l e c t r o n  gun. 

They pass through t h e  corkscrew6 on t h e i r  way from t h e  gun t o  the  d r i f t  

tube region.  Transverse energy is  obtained i n  t h e  corkscrew a t  t h e  

expense of p a r a l l e l  energy. The ions a r e  obtained by t rapping  the  ions 

t h a t  a r e  generated by i o n i z a t i m  of the  r e s i d u a l  gas.  I n  t h i s  se tup  the  

e l e c t r o n  dens i ty  i s  l imi t ed  by the  beam cur ren t  from the  e l e c t r o n  gun. 

It has been found t h a t  it is very d i f f i c u l t  t o  ob ta in  the  requi red  value 

P C  

of cu /o 

i s  

shown i n  

P C  
with a conventional electron-gun source.  The a v a i l a b l e  range of 

l imi t ed  by gun perveance and corkscrew windup r a t i o  a s  will be 

t h i s  s ec t ion .  It w i l l  probably be necessary t o  introduce 

a d d i t i o n a l  background plasma in to  t h e  experiment t o  ob ta in  uns tab le  

opera t ing  condi t ions.  

background plasma lowers the  required r a t i o  of w /o 

Crawford2 has  shown t h a t  t he  presence of 

appreciably.  
P @  

The e l e c t r o n  beam i s  generated by an  e l e c t r o n  gun with the  f i n a l  

a c c e l e r a t i n g  p o t e n t i a l  V o o  

t o  be I = P x lo-" x Vz'2, where P i s  t h e  microperveance. Af te r  

passing through the  corkscrew, the perpendicular  energy of t h e  beam 

e l e c t r o n s  i s  1/2 mv2 = 2V 5 and the  p a r a l l e l  energy is  1/2 m g  = eVo(l-E). 

The cu r ren t  from the  e l e c t r o n  gun i s  assumed 

P P 

0 

- 
6. Wingerson, R. C. e t  a l . ,  "Trapping and Loss of Charged P a r t i c l e s  i n  a 

Perturbed Magnetic Field" ,  Phys. F lu ids ,  vol .  7, No. 9, pp. 1475- 
1484; September, 1964. 
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The windup r a t i o  i s  given by 5 .  

t o  have a r a d i u s  given by a and t h e  a x i a l  d r i f t  v e l o c i t y  i s  vo. 

e l e c t r o n s  are assumed t o  be uniformly d i s t r i b u t e d  ac ross  t h e  beam c r o s s  

I n  t h e  d r i f t  r eg ion  t h e  beam i s  assumed 

The 

s e c t i o n .  

t h e  beam r a d i u s  a. 

The e l e c t r o n  Larmor r ad ius  p is  assumed t o  be  small compared t o  L 

Using t h e  beam model described above t h e  r a t i o  u) /cu is  found t o  
P C  

be given by 

The parameter p is given by 

where it i s  assumed t h a t  k 

i s  the  s lope of t h e  d i s p e r s i o n  curve kl,/k 

frame of r e fe rence  t o  t h e  laboratory frame. Using t h e  equat ion 

= 2.hO5a-l. A t h i r d  parameter of i n t e r e s t  

1 

1 
a f t e r  s h i f t i n g  t h e  obse rve r ' s  

CU' = cu f kllvo f o r  t he  frequency i n  t h e  l abora to ry  frame r e s u l t s  i n  

w ' ~  E + -  kl' ( ? T I 2  2.405 (>) 
CUC % kl 

A f t e r  t ransformation t o  t h e  laboratory r e fe rence  frame t h e  l i n e s  

corresponding t o  constant  values of W/CU 

C U ' / C D ~  g iven by  

have a s lope i n  a p l o t  of 
C 
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A s  t h e  s lope i s  decreased t h e  frequency a t  which t h e  i n s t a b i l i t y  appears 

i n  t h e  range 0 < o’ < oc approaches the  value of oc. 

i s  p re fe rab le  t o  keep the  slope as l a rge  as poss ib l e  t o  keep t h e  wave- 

length  of t he  i n s t a b i l i t y  a s  s h o r t  as poss ib le .  

compromised with t h e  requirement of a l a rge  value of o /o . 

Experimentally it 

This requirement must be 

P C  
The app l i ca t ion  of t h e  above equat ions t o  t h e  experiment leads  

t o  severe r e s t r i c t i o n s  on t h e  value of 5 .  

can have i s  approximately 0.2 i f  the  model of a homogeneous plasma with 

i n t e r n a l  energy i s  t o  be approached. The maximum value of P t h a t  can 

be  obtained with a r e c t i l i n e a r r f l o w  e l ec t ron  gun i s  approximately 3 

micropervs. 

parameters,  a windup r a t i o  of 0.9998, o r  e s s e n t i a l l y  100 percent  t r a n s f e r  

of energy, i s  required.  It i s  imprac t ica l  t o  achieve t h i s  with a 

corkscrew, and the re fo re  t h e  corkscrew is  be ing  combined wi th  an a d i a b a t i c  

jump i n  t h e  axial  magnetic f lux dens i ty  t o  increase  t h e  o v e r a l l  energy 

t r a n s f e r  r a t i o .  

where 5 i s  the  corkscrew windup r a t i o ,  should give t o t a l  energy t r a n s f e r  

and a decrease i n  beam r a d i u s  by the  f a c t o r  51’2. 

The maximum value t h a t  p /a L 

P 

I n  order  t o  obtain a r a t i o  of o /cu of 0.5 with these  
P C  

A magnetic f lux  dens i ty  increase by a f a c t o r  of E - l ,  

T.3 Experimental Resul ts .  The e l e c t r o n  gun used i n  t h e  

experiment has been improved and operated under condi t ions  of good 

beam transmission from cathode t o  c o l l e c t o r .  The beam c o l l e c t o r  cu r ren t  

i s  25 m a  a t  an  acce le ra t ing  voltage of 625 v o l t s .  

i s  s l i g h t l y  g r e a t e r  than  1.0 for  t h i s  cu r ren t  and vol tage.  

must be modified t o  account fo r  t he  change i n  beam vol tage and a n  

increase  i n  a x i a l  magnetic f i e l d  from 100 gauss t o  285 gauss.  

Tkde microperveance 

The corkscrew 

This 
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e l e c t r o n  gun w i l l  be used with the  redesigned corkscrew and the  magnetic- 

f i e l d  jump t o  ob ta in  an increased beam i n t e r n a l  energy. 

6,. Nonlinear Lagrangian Analysis -- of Beam-Plasma Systems (J. E.  Rowe) 

A two-dimensional nonlinear system of Lagrangian equat ions has  been 

developed f o r  t h e  a n a l y s i s  o f  beam-plasma i n t e r a c t i o n s .  This a n a l y s i s  

includes t h e  e f f e c t s  of radial motion of t h e  charges and f i n i t e  a x i a l  

magnetic focusing f i e l d s ,  The theory i s  p a r t i c u l a r l y  o r i e n t e d  t o  t h e  

c a l c u l a t i o n  of fundamental and harmonic c u r r e n t s  i n  beam-plasma and 

two-beam systems. 

on a l a rge - sca l e  d i g i t a l  computer neglect ing t h e  e f f e c t s  of space-charge 

f i e l d s .  Recently t h e  space-charge f i e l d  equat ions have been developed 

and a r e  c u r r e n t l y  being checked out  on t h e  computer. It i s  a n t i c i p a t e d  

t h a t  t h e  e n t i r e  system w i l l  be checked out and running soon. 

t ime c a l c u l a t i o n s  w i l l  be made f o r  system parameters of i n t e r e s t .  

The equations have been programmed and checked out 

A t  t h a t  

7. Harmonic Current Generation i n  a Beam-Plasma System - --- 
Supervisor:  J. E. Rowe 

S t a f f :  Go T. Konrad 

This po r t ion  of  t h e  program concerns i t s e l f  w i th  t h e  study of 

harmonic generat ion and coupling schemes i n  beam-plasma systems. The 

t h e o r e t i c a l  a spec t  of t h e  work c o n s i s t s  of t h e  d e r i v a t i o n  and s o l u t i o n  

of l a rge - s igna l  equat ions descr ibing beam-plasma i n t e r a c t i o n s  including 

h ighe r  harmonic r-f c u r r e n t  components. One-dimensional, as w e l l  as 

two-dimensional, analyses  a r e  under cons ide ra t ion .  "he plasma column i s  

regarded as a t ransmission l i n e  with lumped c i r c u i t  components which can 

be determined i n  terms of t h e  various plasma parameters.  Most of t h e  

equat ions have been der ived during t h e  p a s t  per iod.  During t h e  coming 
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per iod  it is  planned t o  modify e x i s t i n g  d i g i t a l  computer programs f o r  

s o l u t i o n  of t h e  equations.  

The experimental  work is  t o  be conducted on the  device shown i n  

Fig.  7.1. The xenon plasma i s  generated by means of two hot-cathode 

Penning discharges.  

slow-wave s t r u c t u r e s  be fo re  e n t e r i n g  t h e  plasma and a f t e r  l eav ing  it. 

By t h i s  means t h e  e l e c t r o n  beam can be premodulated be fo re  t h e  beam- 

plasma i n t e r a c t i o n  t a k e s  place.  Two s e t s  of couplers  aye used. One 

se t  c o n s i s t s  of coupled-helix couplers  placed around t h e  s h o r t  s e c t i o n s  

of slow-wave s t r u c t u r e ,  while t he  second s e t  c o n s i s t s  of e l l i p t i c  c a v i t y  

couplers  placed d i r e c t l y  around t h e  plasma column. 

ope ra t ing  condi t ions of t he  plasma it should be poss ib l e  t o  t r ansmi t  

a n  r-f wave ac ross  t h e  plasma column, y i e l d i n g  a f a i r l y  t i g h t  method 

of coupling t o  the  beam-plasma system. Being broadband s t r u c t u r e s ,  t he  

e l l i p t i c  c a v i t y  couplers  are expected t o  work w e l l  a t  t h e  fundamental r-f 

frequency, as we l l  as a t  t h e  f i rs t  few harmonics. It i s  the  o b j e c t  of 

t h e  experimental  work t o  study the harmonic generat ion i n  t h e  beam-plasma 

system and compare these  r e s u l t s  with t h e  t h e o r e t i c a l  p r e d i c t i m s .  I n  

a d d i t i o n ,  t h e  two methods of coupling a r e  t o  be analyzed and compared. 

The e l e c t r o n  beam passes  through s h o r t  h e l i c a l  

Under c e r t a i n  

The experimental  device had a l r eady  been assembled during t h e  

p a s t  period. Upon at tempting t o  operate  it, it was found t h a t  t h e  gun 

cathode poisoned very r a p i d l y  due t o  outgassing of some organic  m a t e r i a l  

i n  i t s  v i c i n i t y .  It was the re fo re  necessary t o  r e b u i l d  t h e  device.  This 

work i s  expected t o  be completed e a r l y  during the  corning per iod so  t h a t  

t e s t i n g  can commence a t  t h a t  time. 
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